INTRODUCTION
The discoveries of Ellermann and Bang (i) and of Rous (2) opened a new field of investigation by disclosing the existence of ultramicroscopic agents capable of producing a variety of neoplastic diseases in fowls. The cytological character of these conditions is specific for each transmissible agent. The nature of these agents is subject to much debate, which has been based mainly on studies of avian tumors initiated by Ellermann and Bang observed the development of lymphoid and myeloid leucemia, lymphoid and myeloid tumors, and anemias of varying intensity among chickens inoculated with leucemic material. They did not, however, control the possibility that some of these conditions occurred spontaneously among their laboratory animals. They believed that the type of leucosis resulting from the inoculation was independent of that from which the injected material was obtained. They observed that the agent transmitting leucosis occasionally passed Berkefeld filters and concluded therefore that it is a filterable virus. A recent investigation (4, 5) failed to yield sufficient evidence supporting the view of Ellermann and Bang that lymphoid leucosis, an apparently common condition in the fowl, is caused by the same agent that transmits myeloid leucosis and erythro-* This investigation has been supported by a Fund for the Study of Leucemia and Related Diseases. 465
AGENT TRANSMITTING LEUCOSIS OF FOWLS. I leucosis, x The filterability of the agent of Ellermann and Bang was confirmed (4, 6) .
The investigations to be reported in this and in three succeeding papers reveal a close similarity between the behavior of the agent causing leucosis of fowls and those causing avian tumors. Both share some of the properties of viruses that cause infectious diseases. Apparently we are dealing with a single group of agents capable of producing neoplastic conditions; the exact position of these agents in the organic world is the subject of future research.
Material of Study, Technique.--The origin of the transmissible strain investigated, its transfer and methods of blood examination have been described in a previous report (4b). All birds inoculated were Barred Plymouth Rock chickens about 4 or 5 months old. Blood smears were taken frequently from all fowls that appeared sick, and from the entire flock at intervals of from 2 to 4 weeks. Fowls showing no leucemic change within 4 to 5 months after inoculation were killed. All fowls were autopsied but the organs were examined microscopically only when blood smear and gross postmortem appearance did not reveal the cause of death.
Interpretation of Observatiom.--Observations already described (4) have shown that erythroleucosis and myeloid leucemia are caused by the transmitting agent but its relation to other similar conditions such as lymphoid leucosis was not demonstrable. The three cases of lymphoid leucosis observed in the present study will be grouped among the unsuccessful inoculations but their occurrence will be mentioned in the corresponding series. Myeloma was not observed in these series. Myeloid hyperplasia, associated not with leucemia but with infectious processes (cf. 7) , will be included among the unsuccessful inoculations. Mild anemia, without the microscopic changes characteristic of erythroleucosis, if caused apparently by an accompanying infection or injury, will be recorded as "negative." Mild transient anemia also occurred in several fowls during the expected period of incubation. Although these anemias may be analogous to tumor "takes" with regression, or to unapparent or concealed infections, there are no available criteria to differentiate them from ordinary anemias; they will be listed among the unsuccessful inoculations. In several instances the blood smear for a varying period of time was characteristic for erythroleucosis (cf. 8) but finally returned to normal.
These cases are considered as erythroleucosis ending in recovery and they are listed among the successful inoculations. The occurrence of severe chronic anemia will be mentioned (cf. 9). X Erythroleucosis is a severe anemia characterized by numerous lymphoid erythroblasts in thelarger vessels and by a selective accumulation of such cells in the bone marrow, liver, and spleen.
The Concentration of the Transmitting Agent in Blood Cells and in _Plasma
There are many pitfalls in the study of viruses if quantitative relations are ignored; for example, failure or success in demonstrating filterability may depend chiefly on the initial concentration of the virus. Hitherto quantitative tests of the agent transmitting leucosis have not been feasible, but they were made possible by the increase in virulence of the transmissible strain under investigation. The studies are limited by the following circumstances: (a) Live fowl is the only reagent known for detecting the transmitting agent; (b) each must be observed from 1 to 5 months; (e) the concentration of the transmitting agent in the blood varied within wide limits, the minimal amount producing leucosis ranging between 1 and A series of experiments were performed to determine the concentration of the transmitting agent in the whole blood, in the plasma, and in suspensions of blood cells. These titrations extended over a period of about 8 months and were made in part for the purpose of determining the initial concentration of the transmitting agent in particular samples before subjecting them to various procedures. Two titrations will be recorded in Tables I and II. Table I gives the result of a titration during Passage VII of the transmissible strain studied, Table II that of Passage XIV made about 6 months later. The essential data of these two experiments will then be strmmarized in Table III , in which are recorded titrations of sera from ninteen leucemic fowls.
AGENT TRANSMITTING LEUCOSIS OF FOWLS. I
The blood count of the donor (No. 815) before transfer was as follows: white blood cells 1,335,000, red blood cells 1,035,000 and hemoglobin 23 (Sahli).
The whole blood, to which 15 per cent heparin solution (1:1000) was added to prevent clotting, was centrifugalized at 2000 ~.P.~. for 5 minutes and the clear plasma was recentrifugalized twice in succession at 1800 g.P.M. Contamination of the plasma with cells was avoided while transferring it into clean centrifuge tubes. The blood ceils were suspended in a volume of Locke solution corresponding to the amount of plasma removed.
The amount of cells is given in terms of the original volume of whole blood. The smallest volume of cell suspension injected (0.0002 cc.) is estimated to have contained about 260,000 leucocytes, among which over 200 cells were in mitotic division.
One of the four fowls injected with 0.0002 cc. of cell suspension had mild transient anemia, and another multiple lymphoma. The plasma contained about 20 per cent heparin solution (i:i000). When placed in the counting chamber, the plasma appeared ceil-free. The amount of ceils is given in terms of packed ceils. When counted in the blood-counting chamber, 10 -5 cc. of cell suspension contained 50,000 leucocytes and a slightly larger number of erythrocytes.
Tumor of the ovary (probably endothelioma) was an incidental finding at the autopsy of one of four fowls injected with I0 -~ cc. of plasma. One of the four fowls (No. 1526) inoculated with 10 -7 cc. of ceil suspension showed the blood picture of anemia and transient lymphoid leucemia (white blood cells 159,000). It died with widespread, large, round cell sarcomatosis 113 days after inoculation. The iUness was observed during 42 days. Failure to produce leucosis in any of the ten fowls injected with blood and suspension of tumor cells of this fowl supports the view that this condition, the first case of leucosarcoma (Sternberg) observed in the fowl, was probably not caused by the transmitting agent.
When Table I and Table II are compared, it becomes evident that in Passage XIV, smaller amounts of both plasma and cells were sufficient to transmit leucosis than in Passage VII. This difference may be due either to an increase in virulence or to an increase in concentration of the transmitting agent. Unfortunately titration of plasma was omitted in the course of the first seven passages, but in the subsequent passages tested transmitting agent was present in the plasma in a very high concentration.
All these transfers were made from pronounced cases of leucosis. Fowls dying of intercurrent diseases are not given among the number inoculated. The amount of cells is given in terms of original whole blood. The plasma was obtained in most instances by three successive centrifugalizations at about 1000 to 2000 R.V.M. for 5 to 15 minutes. When examined in the counting chamber the plasma was usually free from cens even after the second spinning.
From Table III it is evident that leucemic plasma behaves differently from suspensions of cells.
When injected in larger amounts (0.1 cc. or more) the plasma causes leucosis in as many birds as whole blood or a suspension of blood cells, namely in about 55 per cent of all the fowls inoculated. Smaller amounts of plasma cause leucosis only in from 20 to 28.6 per cent of the fowls inoculated, the number of successful inoculations being within a very wide range (10 -I to 10 -6 cc.) apparently independent of the amount injected. The concentration of the transmitting agent in a suspension of cells, as determined by titration, seems to be about as high as in the plasma, the success of the inoculations disappearing with blood cells at 0.000001 cc. and with plasma at 0.0000001 cc. However, amounts of cells smaller than about 0.1 cc. (in terms of original whole blood) produce leucosis in higher percentages of inoculated fowls (33.3 to 71.4 per cent) than the corresponding amounts of plasma.
When the results of single titrations are studied, a difference in the behavior of plasma and cell suspension will again be noted. Success of inoculatiou with plasma seems to bear a definite relation to the amount of material inoculated. In inoculations with cells this relation is apparently obscured by other factors; e.g., in Passage XII C 0.001 cc. of the suspension of cells caused leucosis in both fowls injected, whereas the inoculations of 0.1 cc. of the same cell suspension in three fowls and 0.00001 cc. into three fowls was without effect. In recent passages, made since about August 14, 1930, the concentration of the transmitting agent has seemed uniformly high in both plasma and suspension of cells of pronounced cases of leucosis, the minimal amount producing leucosis being about 10 -4 to 10 -~ cc. The only exception to this is possibly Passage XI F, in which inoculations with 0.15 cc. of whole blood were unsuccessful in four fowls, but three of four fowls injected with 15 cc. of blood died of leucosis. The white blood count of the fowl from which this transfer was made was 1,440,000.
Comment.--The observations are sufficient to exclude the possibility that transfer by plasma is due to a small number of cells contaminating the plasma. Leucemic blood diluted 1 : 1,000,000 still contains from 100 to 1000 leucocytes per cubic centimeter but does not produce leucosis. (See Table III .) Moreover the concentrated plasma used for inoculation when viewed in the counting chamber appeared cellfree, and nevertheless in high dilution caused leucosis.
The smaller number of successful inoculations with plasma (Table  III) as compared with suspensions of cells is best explained in the light of recent observations (10) by assuming that the mode of action of plasma differs from that of cells. The filterable agent in plasma presumably brings about a neoplastic transformation of some of the elements in the bone marrow of the host, whereas leucemic cells are themselves capable of multiplication in susceptible hosts. The concentration of the filterable agent in suspensions of cells and its relation to the ceils is worthy of further investigation.
Relation of the Amount of Material Inoculated to the Duration of Incubation Period and of Illness
One would expect that on injecting decreasing amounts of an infective agent the period of incubation will be prolonged and the disease will be milder. To ascertain whether the transmitting agent behaves thus the incubation period and duration of illness of all cases of leucosis recorded in Table III are collected in Table IV. The duration of illness is actually somewhat longer than the above figures indicate and the incubation period is correspondingly shorter. Althoughsmears were taken from every fowl that appeared ill, in many instances only the routine blood In order to establish the relation of the incubation period to the amount of material injected the inoculations with plasma and with cell suspensions were considered separately in each passage. For example, in Passage VII C (Table IV) the incubation period of leucosis caused by the injections of 0.1 to 1.5 cc. plasma was 29 and 30 days, whereas 0.001 to 0.009 cc. of plasma caused leucosis after an incubation period of 123 days. From this the conclusion is drawn that in this experiment decreasing the amount of plasma injected resulted in lengthening the incubation period.
When the incubation periods shown in Table IV are analyzed in the manner described, the following significant figures are obtained: Thus the plasma yields results somewhat different from those of suspensions of leucemic cells inasmuch as a decrease in the amounts of plasma regularly increases the period of incubation. A lengthened period of incubation occurred often but not regularly when decreasing amounts of suspensions of cells were injected, in one instance the reverse relation being observed. When the incubation period was prolonged the increase was less with suspensions of cells than with plasma.
Comment.--The mechanism underlying the production of leucosis is complex. Observations already discussed show that transfer by cells is essentially a tumor graft, whereas transfer by cell-free plasma can act only by conferring upon the marrow of the host neoplastic properties. The shortening of the incubation period by increasing the quantity of transmitting agent is like that obtained with a pathogenic microorganism. It is noteworthy, however, that tar, in producing cancer, behaves similarly, a decrease of the amount applied delaying the appearance of cancer.
AGENT TRANSMITTING LEUCOSIS O~' FOWLS. I SUMMARY AND CONCLUSIONS
The concentration of the transmitting agent of leucosis in fowls, as determined by titration, is approximately the same in the suspensions of blood cells and in cell-free plasma; the smallest amount of plasma producing leucosis was 0.000001 cc. and of cell suspension 0.00001 cc. This observation excludes the possibility that transmission of leucosis by plasma is due to the presence of a small number of leucemic cells in the plasma.
The success of inoculations with plasma (20 to 28 per cent of fowls) is, within wide limits, independent of the amount injected (10 -1 to 10 -~ cc.). The percentage of successful inoculations with varying quantities of plasma is lower than with corresponding amounts of suspensions of cells (33 to 71 per cent).
When plasma containing the transmitting agent is injected in decreasing amounts the incubation period of the leucosis is conspicuously lengthened. With decreasing amounts of a suspension of leucemic cells the incubation period is not so frequently nor so greatly prolonged.
